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ARTICLE 



(57) Abstract 



The present invention relates lo income particles comprising at least too cliemical element* in a predefined antf analytically 
identifiable ratio. These panicles are used as a marking means incorporated into or applied omo any desired article. They provide a bigh 
security potent) al against cowiterfeiting since die analysts depend oo a combination of spatial as weU a$ Of chemical Information. In a first 
step the information containing particle baa to be localized by scanning electron microscopy and in a second step die ratio of elements is 
analysed using energy- or wavclengtn-djsperslve X-ray analysis (SEM/EDX). 
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£fcT#A,fc'>&< ifclC>©^:7©&&!|i£T©**^|g£LT©teffl. 
W#JS2G«c©;|&^©<5gffl. 

3Si~5©^-rn^-^tciB»©iiaT©^M. 

[f*$9i 1 0 ] WeilMttTAS. #±*7cSlM3i:tf/*fctt-f y HJ 2 
A©^"^->x;i/7^ K*©**»&»in*, »*«8fBtt©««fe^©^ffl„ 
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t- -C * -1" ; 1/ * i tf/ £ & * - H is «k W $ fc tt 7 r -f A* - & «t tf/ * it it A* J V t> 

lox. e»n*ffifife^i^*fcttt*^«:©jgfis*as3it lto. oooi 

$ %\Zft £ b < «0. 01~0. lSS«©KB©*t;i:fetf Steffi. 
(C0.01um 3 ~10000Aiin 3 roteSf^"C, * U< teO. 1 Mm 3 ~1000Aim 3 <D^BftT, 

2 s b < »i u m 3 ~ioo Mm 3 <D^fflrt-c*fig$ n^<ism^ ©*as*-r -s 
. *tt<i:t>ia©^'fyo*«ii^*«iie-r*xa; 

(b) 11(a) Kilr>T#5n&!l«l?«3-f^ >tfmm.i&®. ftl£L<\* 

(c) ig(b) fc*v»T*A*n&»i«St?o^< <hfci«©{fc^7cSii£^A, 
fc , ll^±©* ; E77-^afflftM^gfil:<l:>)lAt5I§; 

(d) X@(b)£fctt(c)<Dzi-7V >^ffiffij£#K #*L<HflJ*MK 

WtCO. 01 Mm 3 ~10000Mm 3 CD$gHl*3T?, if * L < teO. 1 tfm 3 ~1000Atm 3 <D^Hf^T 
fC^A-r^X©; 
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(a) xa(b)*fctt<c)©3— isifmnsstto* »*u<r*B«iji-f >** 

(e) (a)k:*^T«»*nfcft^-f 7<Dt$\Viffl9m. : ¥-V>>Pl3.< £%m<D®M. 

iHHCO. 01 itm^lOOOOMm'O^HF^lT. £f £ L < «0. 1 £im 3 ~1000£im 3 ©^fflF»iT 
. £ & (C$f * U < ttl At m 3 ~l 00 u m'WlSH rt-Cfllfife* tlSfflgiJlfe? 1 

(b) ia(a)Kfe(r»T#6tlfc*«S[T6. «A. f^fc^-fe^a. 'J 5V *-f 

(c) XS(b)frfet/iT«A$tlfc»«S^©^< ifeiac^TcSlS^ 

(d) ^^zfammmmwf-<D'>ts.< tt>i » jg^^tifc^a, «e 

»«ffeti-3 x»fft a xa ; 

*-grt», ****** i«ij-r*fcJi>o*s*. ( 
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[0 0 0 1] 

*^BJtt, Lh2m<Dit¥Km*ttffi\z£.vmimmtzffife<D (predete 

rmined) W&KlT$^«*«|«i^O«ffl. (substrate) **HWt»*f * 

[0 0 0 2] 

ajNMks nfc s ^ d it?, & 6 a? te«aoftift * fc* ^ne. confab 

5^ott^S^^*«tt;/*fctt-t+jLU5 l -<aE* (security feature) tLT 
ftfflt^Ctft fSEKDE 26 51 528 &£tf*S#f£|g4. 329, 393^lCfE®£nX 

^$nfcfe©Tfc5. nn&CD^^tt, v< i7P^^>KMicrotaggant)Sfe« 
V-f & D h U— X (Microtrace) £V>5iffiS<STllJflR$nT^S<, 
[0 0 0 3] 

•ir>X (colour sequence) ©n— (codin 

g feature) T**»^, ti^lM Xtfi^FlfclHWlS&fcJ: D Cltl^^i^CDffl^ 
#JSJ£S*IS. fifiPIM Xd«30*im*SST&S TOJJB 
•f>*i*©MIftfi) fcWrSjfcffttBftTf**. BUWSftfc*** (printe 
d feature) S#£D*€to«^S*ttffJWJl^>**ttJ8Lfc»frfctt, SS« 

[0 0 0 4] 

•fl#*&3^ttj|&fc»»£n*t, «&ttttxU;*>h (tagging element) 
SfcSt+i'Jf^ -XW>b (a security element) tfW&ZtlZ, 
[0 0 0 5] 

*s#wm5, 670, 239^-tt, *ft*#»&<t3nfc»T^r*fc»©fflj£* 
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rging) 1$l,<\-i?Fm.mtl.mmiimn\Ztl.Z>. tt&j&fett. #M«E© (non-ubiqu 

itous) it^itm (-ri3.t>*>. &frn&frfrnmm&<D£M£>&zfmmfr*><Di$ 

±m5zm Z<b\Zl£MlZ-Eot. Z.ft>Z>CD7tm** 3.69keV~76.31 

tt9fa©<t-&* © jPIBTMSFft b T W T t> J; 
[0 0 0 6] 

7c5g*-&A-^ffi^t-?-n&©«fttt. ^BBT'^SiJ-r^. H t©T€&^#Jift 
•fb^nfcfelfilf^ (de localized stored information) fif®"! 

«M£©5c*Sfcttft^*KlJ:-3T3i*"J-SCi:«»T*, HOfcS-tn-enoWJg 
©^**fcKMfr&*jW**©7V5?y h (digit) £«bTi59, TcSSlSfctert; 
&«©«SE««aKx>f h©ffi («*.«, R^SfcttX*) t*tTlr>6. tt 

hts-r*it#^©7nm^fcmb^^m^4 , ^# : aEb/ft^«-&. #*-r* 

5V 5>y r*©ttra-tfn3*fctt:/5>irT**. 
[0 0 0 7] 

fC-B-Jc, ^fflfafi&feWTcSSKIIU «SSn4AJV?#fi, 3— 5V>2f, s 
fc«EPJ5W-f >*4>©IE5t&«S©&fi?£i&^£:T-5. cnB, — 

bx««g $ n%«syH7c*!6«5— s nx ^5*^*5* icfe#-r -s . tt®^ 
fc^-»c»»-r*±T©Bfas*©fls'&4fc*ii,ffl-riittt. ^ohjs-?**. 

[0 0 0 8] 
[0 0 0 9] 

6. -tn-€ t n©WJfe©fl:*7C**fcttft;-&»tt, WcDn-l^yyh (n-va 
lued digit) ST?**. bfctfoT, ■ttftftiTGX On spe 

cific elements) \ztt-?2>-$£ffemkir -Wt->5V (total coding capacity) ten 
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•5. LTc^TCl©!^^ £*$&fe££t>;t£Td<h©T'#£?E#fc;!g<a© 

&ffD (counterfeiter) \ZM-t2>ffiWi&<£ZfV A— X • x>>?~ 7 'J >iftf& 
[0 0 10] 

*Htttt*5.670.239^©a&fc**ofttt. StSLB* (perturbing elements) 

3b%. z\<Dz.t\t, m^itznrc^j ~jy h<Dmmy3.mtiii>$:mf2>* moms 

[0 0 11] 

^©jgfljlc^lcjgbfc^^g: (marking means) £*l{Hrr-5 d £ 
[0 0 12] 

fztb<Dm&T'^Z>&;&)y— )V (forensic tool) £!Sft-r5 Z. LlZfcZ. 
[0 0 13] 

[0 0 14] 
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[0 0 15] 

*B9i©£ Steffi© I Wtt, UA*-X • X>i?-TU ^SBfcfc-rsiSfc 

(encryption) SJtWT* ItCi&l.. 
[0 0 16] 

[0 0 17] 

*5Bfi©SSlCffi©B«Jtt, ftftCHlScSfcliWSIcO^-XWtt (base mater 
ial or materials) i©, S.5UUSSli5tt53-T^>ifSfcOTSM 
-f >*£©^— &fi^©»jfc»Ctt£FLfcV»**#a«»«-r« C tlCfeS. 
[0 0 18] 

[0 0 19] 

±iB©BW«4#fc, £ t>2a©<fc*7E*S«*rKJ: DWMflTfBfcBrfc© 

[0 0 2 0] 

Tl«S»T?*a) ««*&«**©-»£**-. 
[0 0 2 1] 

c5Lfc1IMB**rtimi, a^ftSLm^ffiS (backseat tered electron det 
ection) £^fflLT^*V?gBI&^& (scanning electron microscopy : SEM) 

[0 0 2 2] 

l/fcAioT5te-fSKO©XSte*5ViT, iM h (sites) . ■j-ftto'6flMI«tff* 
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«tt : F+K:**nTV^{b*7C*<0«-&*, x^^^-iMttttm^Wffi (energ 
y-dispersive X-ray analysis). Sfcttiftfi^tS[ttX»»*Ffji (wavelength-dispe 
rsive X-ray analysis) (EDX) fc i^tftUt?) CI fc38*T?**. ZLft*>mJj<D 
IS Crtttoft, tt^©JB«Eftfc*CD»W) te^bSEM^SSr&fflbTfi^o * 
*Ete±**«©mbV>**AMIfc*, ififtOfcfe^itiS (microscopy) £ 

^^+y>^ (homogeneous mixing) K:ft#b£:< pfeS^K^: 
R*5tS±Ttt, SEM/EDX3&«SRa*JSpIlB3Q:*Aa)3SrftT»-5. SEM/EDX<&«-& 
> Eb < WE*ffiS fcteO. 01 um 3 (0*-^-a)S^MT*»TSi) 0 
[0 0 2 3] 

S^K4feSfcbT^£iV*'5;SCK:&£> (A further beneficial property of SEM/E 
DX analysis method is its dependency upon standards in order to get reli 
able quantitative results.) . *»*K:#ffiT5^*<B*tt, *©»1»&X 

a i Jf-fi»i:iuTH «**«t*n6oiE*feia«3wa3S©*-^-- (th 

e owner of the marking) fc: 6 *IT V> 5 ttffi#fctt»SnTV>&V>. b 
fc*ioT«ifi#tt[«Stt&»l» (indirect evidence) \Z&MVfctftl\ite*>-? 
* ^©fc»SEM/ED««^ltJfiffl (a performing materials syn 
thesis facility) SEtbT^T fe^^SSSn ^ 
[0 0 2 4] 

*0iz*/>rV\—:7 (second half) <D7tmT*$>Z> 0 &1ffc&, SEMteJfbtSff© 
»ffift£tearr**ST**. b*>b&**«5* W*{b<DBttK»bT»4, 5BLL 
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[0 0 2 5] 

**ofc5c3Sffl-&lw*5tiTO*-#ffi-r«ifl2'&4SlTa5S. &gtf7;P->£A (CaC0 3 
) . (SiO,) . *±tf;t7'f h (BaS0 4 ) &£jWfc3fc«&flWfr&*©0!lT?» 
*. 

[0 0 2 6] 

a-h7Uf-f (charge neutrality) ^©<ftjg©— )KfliJ**#lt$n<&®-&. % 

fcf*JU (ABj0 4 ) . iS—^V h (A,B,C,0 11 *fcttA,B s 0 ll ) , h (A 

BO,) . 7>*=.\*tt*s7.)Vy << h* (Y, Ln) ,0 2 S, iitf-^n > (AB0 4 ) & 
EffitoZ. CiTA, B, ce, i^ft*jtt*^Tm&n5S^o&^'f ycD-y-'f 

W-n«&Sfcl>. Lne5>^:zl*&5>J CT&fc'fe, HCT#-S§57~71) SStT^ 

Jitie.±T<D^jt4 i ©#x.enfc-9-'i' he, ^— ©^ ^©^sh^x^ 

nx^Xfc«kV>. mtt\ <t-&^Fe 3 0 4 , ZnFe 2 0 4 > (Zn x Co,_ x ) Fe,0 4 , ^.fctfC 

o (Fe t .,Aij) o 4 ev»m"bxt:*;n»ijfis*-r*. utMEscfr©/^*— % 

[0 0 2 7] 
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^^AiiDo^S-f t>?&^7Xl^-x 
BjO^SiO,*) . 77ft* (BeF^) , fc£tf&ft%fci*©#»fc;feV>T» Stl 

*38w©*jsi»ea*fi-r*fctt. a>&D#8cfc#7;*(0y*tf, si. Ge. ai. l 

a. Ta. Er, *J:CA)*«*05c*«^KT^*-r*3!/5^)T'bRriBTr»*. 2f 
57tt0flOt?1}-1' Xtl&^f S C i«»T?**«t, 3~5 w ■©ah-i'-©** 
TltWfclM* S»riEUJ:5 fT*»^tt, SNttz£Qi«lK®&flFMfeK&3n« 

[0 0 2 8] 

»©*«**fc*s^Ttt, Ifftt** (MX.I2. (alnico) . AM. 

[0 0 2 9] 

[0 0 3 0] 

[0 0 3 1] 

m^TfciK MfBEH^IM Xtt, **«fc0.1~30/tm©lSH"C*?). » 
*L<«0.5~lOMm<OteH-ea&D, ^LT£e>tCj?£L<«l~5Mm©3®BT& 
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5^t$rit*bTt>-5. iM* <D%L?<Dftm\t, ^HfcjfcttO. 01 me 3 ~10000 u.m 3 
(D&mft-cm&tEft. $f£L<teO. lMm 3 ~l600Mm J ©$6Hrt-e;|ft)&£a-u 3 <E> 
C$f*b<«Um 3 ~100Mm 3 CDlSH(*I-C^^n^). *&9I0!>ft!gflU&?tt, MSB 

turn its, «wmo, mm* &&zf$imi3L£&$>z>. wm\t. wmswik 

(intaglio) . ^t*7TOj?£, t7t'y^m 7,2 U ->gl 

SJft. SRSfWJfcfc (letterpress) . ^l^VBUS'Ji* (f lexography) . £>&ZfiZ. 

n$\z&misfzWMm\z&^-cft5z\tifi-z$z>. 

[0 0 3 2] 

£fc-fe*i'J5V3:#, ;U#-h, *3J;^W?IE^i:f^UT, 8)*3-7V 
>#mt&BSW!l J i>h1—tdV}-Zt3i<. US, WaUf^MJl' (security foils) 

ZUzSy h#-h\ IDft-F, T^-feX*-H, *J;t«tipJt 

[0 0 3 3] 

«^fls*&tt«m^#0»*MS«Hii t LTO. 000l~l0«**©ttHT?* 0 . 
L < teO. O0l~l*«©ttBT?* 0 , $ g, \zVf £ L < teO. 0l~0. im*X©"*& 
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[0 0 3 4] 

tMBttw, m?t&&. msm&* imwm. mmwm&* *s&&/*it\t 

^"f ^nSyfeffiWtt (microwave resonance-property) £ $ \Z^VT^Z> <L%: 
[0 0 3 5] 

ftft (SEM) KlioTfeffidt^T**. TBCDfll©^— BCIWKJ* 
UTKffltffcftfflTSSS^OAttofcaS (LEO 435VP. U y^XXL30W 
, £5J;tf B£S-3500N) *5§6tlfct)OT*S. 
[0 0 3 6] 

A (primary beanO**1*>:/;UK:M§&*i, S^ofc^-f y<D— ^ft|t(seconda 
ry radiation) 21^— ^fttt^jg^SSlCioT^ffi-rs CI £** 

<h, SEM0 (SEM picture) *^5tl5, ffX^M- h*)->Zf)U<Dm8l\ZJ&V 

x, -^tf-Ate, ^n^^nit>y;i/^M4 , ^§jgUT^<. 20 

keVO tf - A tt»5~8 fimlZX^m-f h U y 9 7» * fcgg bT V> < 8 

[0 0 3 7] 

(i) (secondary electrons) 0 ~tfct>%* -*t-ACDl?<J:|f^L 

fc«^ftffi$nS*9">^;U%3lcDm^. -^m^«<£^^X^;i/^-(50ev*^) * 

GMftttHdcfctK ^yf)V<D^Mmmm^L (a surface topographic image) t" i& 
ln>b7Xh (topographic contrast) " ] *^W6n*. 
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**!i->:/;i/©fl:*ttttSl*MflMb C" •fb^n>h5Xh (chemical contrast 

) " ) -r*. 

(iii) — -y->^"JH^^cD?5©«^d^^ 

"b*524rrfrtfft«fc&i\ Sfc2keY*it©x*jp:¥-fc*rT*;IMt*H:. «-« 
*tt3*J8&— ;fctr-Ax*;i/=¥-«20keVT&£>. rn60D^#TC*5ViT« 
. Jl't*v 5 e7A^5tfX- : <'XST<D5t:*(lM?#^37~83)«L-7'f XCKLTfcft 

. gffitcMLTte, K-^-f>, L-5-f>, >*5<JcDtf— ^M«*giJ 
[0 0 3 8] 

TIB CMi *J609 ft UStfTaMSK ft 5 £ ti £ © ^® £ H 
[0 0 3 9] 
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CO 0 4 0] 

06te, *%il;Lfc^oTiiSfl;ilTftf 1 nfc > SEM/EDX^tlT©** 

*7;V^UXA(i&BB«*0*- t-fcfi»J*lffliri6T**) Stti bT. 04© 
iE#©!ia^teBIUT#5ftfcSEM/EDX©lJ§*£*L-0>S. *^A2, 3. *3±^ 

4tt, 2a©s^t3fciajKWj'f >^*ic-?-n^mxto. ix©i83^cT#£E-r-5-7 

— ©ffl*©MiiK:#^&SEM/EDX©^:£^LT^-5. £n£>©##r«v d 
[0 0 4 1] 



**WKJ:ntt, Pl<fcP2©l : l«^*t£fflUT«lfcStt*WH»fl;W:, P3£& 
fflUT3U«*n*Bfr*fl:t|Sgijr*Jlt*«T?**. *S#i?Jil5. 670, 239^T'« 

[0 0 4 2] 

PI i*^E7 9-3?a«««Cl £©1 : UB^tfeSttfl! LTJftfcSnftflHMsH:, 
**93fc<kn«. (Y ( 6 Nd 0 jGd 0 2 ) tV»57C*«^**T*t>©ibT* 1 R»= 
8?§E£n£. UBS, (Y,.,Nd 0 .,Gd 0 .j) 0 2 S^©lO©^^Sr^aE-ft;S-&, 
&^«f-TS©C^&9-TSS. *H#tt : m5,670 > 239#«£SCla J 0 3 £#^bTU 
5©T, d©^-Xti5^S^tbT©5c^#J-&« (La, 0 Y 0- ,Nd 0 ,Gd 0 I ) 



m : 



mmtmw?- pi 

flMHtJUtf P2 
WWfcffltMP P3 



(Y.^NdcjCd,,.,) 0 2 S 
(Y,. 0 Gd 0 . 6 Yb 0 4 ) 0,S 
(Y,.,Nd 0 . 1 Gd 0 . 4 Yb 0 .j) 0,S 

La,0 3 

Gd 8 0 3 



*t77-^affl«|g CI: 
*t7 7-^affl«ll C2: 
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5 0 0 2 4 4 



>/3> (Ablation) -ICP-MS&££tefflLT#Sn3Mj&tiJ'&-rfc&D 
[0 0 4 3] 

pi t * ^ y ^ — v a.my>)WC2 1 <Dm&m utms mmt \zm l-t 

fc^DCta^Tte**). SEM/EDXTte, &*>&&-5§-$rIEL < Sc*3t£ £ <ha<T-# 
[0ffi©fi!¥frlB9i] 
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